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PERTORHANCE OF A COMPRWSSION—IGNITION ENGINE WITH
A PPECOdBUSTIOH CHAMBER HAVING HIGH-VELOCITY AIR- FLOW

By J. A, Spanogle and 0. S. Hoore
Summar&

This report presents ‘the results of performance tests
made with a single~-cylinder, four-stroke~cycle, compres-
sion-ignition engine. These tests were made on a precom—
bustion~chamber type of cylinder head designed %o have
high air veloC1ty and’ tangential air flow in both the
chamber and uylindor. L pear-sheped and a spherical pre-~
combustion chamber’,” both contalning one-half the clearance
volumc at a compression ?atio of 14.2:1, wore used. Tho
‘cnamnber was connected to the cylinder by 2 single round
passage, flared at ‘both ends and having an orifice diame-
ter of /leﬁinch. A cam-~operated fuel-injection pump sup-
plied fuel to an automatic spring-loaded injection wvalve,
The fuel was lnjected from a single round~hole orifice
into the precombustion chamber.

Tae performancoe characterisgtics were investigated for
variable load and ongine spoed, type of fuel spray, valve-
ovening prossuro, injection period and, for tho spherical
chamber, position of the injoection spray rolative %o the
air flow, Tho prossure variations betwoen the pear-shapod
procombustion chamber and the cylindor for motoring and
Tull-load conditions woere deotormined with a Farnboro oloc-
tric iandicator,

The combustlion chambor dosigns tcgtod gave good mixe
ing of a single compact fuel spray with. the air, but did
not control the ensuing combustion sufficliently, Relative
to each other, the velocity of air flow was too high, the
spray dispersion by injsction too great, and the metering
eifect of the cylinder-head passage insufficient. The
correct relatlon of these factore is of utmost importancs
as regards pngine performance. -
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Introduction

The general problem in Lhe development of a fuel~
injection shgine for alrcraft 1s to obtain in an engine
cylinder. complete and controlled combustion at high en-
&gine speels., A prime requirement for power and combus-~
tion efficiency is that the fuel charge be thoroughly
mixed with the dlf. Tio -ensuing combustion must be so
controlled that it occurs early in tho powsr stroke, but
without excossive cylinder prossuros or dotonatlion, Those
ovbjoctives caﬂpot bo attainod.without the correct dosign
of the combustion chambor and the wso of tho reletively
best fuel spray. The .nocossary charactoristics of the
fuel spray aro dotermlnod by the dosign of the combustion
chamber,

Combustion chambers aré classified by tlhe shape.of
the clearance space as two distinct types: the integral
type in which the clearance volume contains no restrict-
ing passages, and the auxillary-chamber type 1in which the
clearance volume contains one or more restricting passages.,
In _the integral type, the mixing of fuel and air may be
solely by the injection sprajys penetrating to all the air
in the cleoarance space., It nay be assistod by alr movo-.
ment such as rosidual or forced air flow relativeo to the
fuol particless Tho combustion is controlled by tho dls-
tribution of the fuel particles as injoctod and by tho
rate of fuol injoction. (Seoe roferences 1 and 2,)

"In tho auxiliary-chamber type Jf combustion chamber,
tho means of controlling the mixing and combustion of fuol
and air arc more nunerous, :

The auxiliary chamber may function as an air reser-
voir to meter the air to the combustion in the cylinder,
or it may serve as an antechamber in wihlch the fuel charge
is prepared for combustion before passing into the cylia-
der. The antechambeor becomds the usual procombistion
chamber if combusgtion starts and is partly completed in
it, The slze of the chamber and tho connecting . passages
are designed to meter and direct the partly burned, over-
~rich mixture into the cylinder in such proportion and af
such & time that combustion will be completed and cylin-
der préessures be controlled., Thisg type shows inherent
mechanical and thormal lossos rosulting from the forcing
of air and dburning gases through restricting passagos,.
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dowovor, a dosirable foature of the auxilliary-chambor
typo ofcloarance distribution is that it pormits’ the wuso
of a simplo, low—prossuro fuel spray.

Vaerious shapes of auxiliary chambers, restricting pas-
sages, distributions of clesarance, and velocities and di-
rectionsg of air flow have been tried in experimental and
commercial combustion chambeérs, However, few if any of
these omployed high-velocity air flow as a means of mix-
ing the fuel and air while allowing the restricting pas-
sage to control the combustlon.

The value and characteristics of the precombustion
type for high-speed engine performance were investigated
by Joachim and Kemper (reforonce 3) using tho H,A.C.A. Ho,
3 cylindor hoad dosignod to give a high wvolocity of air
flow in tne’procomoustion chambor on the comprossion
stroke and of gas flow in tho cylindor on the oxpansion
stroke.

Continuing the work of Joachim and XKemper, some minor
development work was done in which both the cylinder-head
passage and the injection tem were altered. Previously
the crlinder end of theKQleiinch passage had been flared
to direct the burning gases over one-half the piston crown
(reforonco 3); then tho chamber end of the passage was
flarod to be tangontial to the sphero, A slight doccreaso
in f,m.0ep0 and s corresponding increaso in D.M,0.Ps T O~
sultod. The injoction-valvo nozzlc was oxtonded 1% inchos
into theo chamber and a singlo orificoc of 0,025-inch diam-
ctor dirocted the spray at tho contor of the bulb~to-cyl-
indor passage. Easior starting, slower and morc rogular
idling resulted with a 8light increase in moeximum power,
To roduco tho ignition lag, to control combustion, and to
reduce the rate of pressure rise, suxiliary orifices hav-
ing diameters of 0.010 inch were directed into a section
of the chamber which had less air flow than the passage.
The effect on the combustion was negligible and the dif-
ficulties encountered in the inJection system were large.
To remedy excessive dribbling of fuel trapped in the line
when tho valve stom seatod, a fuel pump was substituted in
which a by-passvalve roloascd the fuel presgurc and con-
trollod tho imjcction cut-off, . Although this gave a sharp
cut-o0ff of the fuel spray, tho extonded fuel valve of-
forod ‘too much restriction to fuvl flow and requirod in-
joction pressures greator than. 8,000 pounds per square
inch to obtain the injoction of 0,0003 pound of fuel ocarly
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enough in the engine cycle to -prevent late, inefficient
burning., ThHe mechanical operation of the long valve stem
wag poor; sticking and slow action accentuated the dribdvile.
The work with the extended fuel valve was discontifued and
a simpler valve with a 31ngle round-hole orlfice nozzle

was used, - .

Making use of the above mentioned minor altoratlons,
the ssme cylinder head was used in making the perform-
ancoe tests prosentod here. The purposc 6f thc tosts was,
as boforo, to detormine the powor porformance possibili- -
ties and combustion charactoristics of a procombustion-~
chambor-typo cylinder head in which a high velocity air
flow is used to mix -the fuol with the air. '

Taié report presents onglno tepgt results of the cyl—
inder head both for s pear-shaped and s spherical precom-
bustion chamber. The eéngine performance was determined
for variations of engine load, speed, type of fuel spray,
injection period, injection-~valve-opening pressure, and
relation of injection spray position to air flow. This’
work was fones by the National Advisory Committee for Aero-

nauntics, at Langley Field, Va,

Apparatus and Methods

The single~cylindoer engine-testing unit shown in Fig-
urc 1 was used for these performance tests, Tho ongine is
four~stroke-cycle, fuel-injection, compression-ignition,
of B5sinch bore and 7-inch stroke, and has standard Liberty
_valvos, valve-actuating mochanism, and connecting rod.

The piston had a domed crown of the same curvature as the
cylinder head, The forms of combustion chambers tested
(7.A.C. A, No. 3 with two shapes of precombustion chamber)
are shown in Flgure 2., Substituting a hemlspherical shape
of chamber. cap for the conical one gives the 'spherical
form., The standard cylinder head for these tests was the
form with the conical cap, Both ends of the 9/16-inch~
throat diameter connectlng passage are flared

The fuel injection system con51sted of a primary gear
pump, & cam-operatgd fuel~injection pump, and a spring-
loaded automatic fuel-injection valve.: (Ses fig. 3.) The
Diesel fuel 0il, of 0,847 speciflc gravity and a visgcos-
ity of 41 Saybolt geconds (Unlversal) at 80° 7., was de-
livered by the primary gear pump atb 125 pounds per square
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inch pressure to the injection pump. Tae injsection punmp
was of the constant-stroke type and the plunger was driv-
en.at a constant acceleration by 'a cam mounted on an ex-
tensioxr of. the engine crankshaft., The extension consist-
ed of a speed reduction and timing mechanism which oper-
ated the pump =t camshaft speed .and allowed the injection
advance angle %o be variod while the engine was running
by changling the angular relation of the fuel cam with re-
"sgect to the- crankshaft The quantity of fuel injected
was controlled by varying the duration of the closure of
-a by=pass valve in the pump. The automatic fuel-injection
valve was opened by the pressure of fuel oll acting on a -
diIferentlal area of "the stem, Two single-orifice nozzles
0f thd '§emé type (fig. 3) were usod, the. standard nozzle
having a 04050-inch diameter orificé'and one other nozzle:
designed %o have its orifice diameter enlarged as desired.
Two valve steums were used. The standard plain stem gavse
the noncentrifugal, highly penetrative spray cone of Fig-
‘yre 4 and the other - a stem having two helical grooves
of 23° helix angle — gave tho more dispersed centrifugal
spray of low ponestration shown in Figure 5., The photo-~
graphs show the large difference in dispersion and penstra-
tion in still air for the two stems used. The photographs
were obtained with the W.A.C.A. spray photography equlp-
ment (reference 4) for conditions corresponding to those
of the engine performance tests; i,e., injection pressurés
equal to those of full-load fuel gquantity, and a spray
chamber alr density equal-to that in tine combustion cham-
ber of the engine with the piston at top center.

~

Figure 1 shows the eguipment for measuring the sevor-
al wvariables ofrenblne porformance. The fuel input was
measured by timing olactrically tho consumption of one-
half pound of fuel oil during the same interval that a
synchronized revolution counter recorded the number of on-
gine revolutions. The air consumption was detormined by
a Vonturi metor, proviously cellibratod by = gasometer.
The eangine was connected to a b5 to 75Xhorsepower elec-
tric dynasmometesr wihich served to motor the eagine for
starting end friction runs, and to absord the power devel-
oved by the sngine. The engine power wWas calculated, from
t2e torque indicated by the dynamometer scdles and the
revolution counter, The maximum cylinder pressures werse
indicated by the H.A.C.A. trapped—pressure indicator.

(See reference 5,) The Farnboroc indicator, before being
improved (reference 6), was used to obtain iandicator
cards., The injection periods and injection advance an-

\
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g€les were detsrmined from observations with tne oscillo-
scopes. (See refergnce 7.)

Several conditions were kept constant during these on-
gine tests, The compression ratio was 14,2:1 and at the
gstandard engine speed of 1,500 r.p.m. the compresslon
‘pressure. was 500 pounds per squaroe inch, The distribu-
tion of clearance between the cylinder and auxiliary chan-
ber was in the ratio of 1:1 for both forms. of precombus-
tion chamboer used, The standard chamber shape, however,
was the one with the conical ‘cap, (Fig. 2.) The standard
valve~opening pressure was 3,500 pounds per square inch,
The full-load fuel gquantity was taken as in the previous-
1y reported tests; i.e., 0,0003 pound per cycle, This isg
the amount of fusl that would give 12 per cent excsss alr
in the cylinder at a volumetric efficlency of 85 per cent.
" Phe single 0,050~inch-diameter orifice nozzle was taken
as standard, The injection system, wien using this nozzle,
gave an injection period of 35 crank degrees as determined
with the oscilloscope for full-load fuel. Tho standard
cylinder pressure as glven by the treppod method at full-
load fuel quantity was 750 pounds per sguare inch and was
maintalined by varying the injection advance anglo. The
outlot temperasture of the COdllng water was 170° ¥,, that
of the lubricating oil, 140° ®.,, and the temporature of
the inducted air, 95¢ F,

To obtain the datsa here presentod a series of engino
performance tests wag made with the cylinder head as sihown
in Figuro 2. The following variables were changod ono at
s time; fuel quantity, typo of fuol spray (i.e., centrif-
ugal or noncentrifugal), engine speed, valve-~opening pres-
stre, and injection period. All otier variables were Xkept
constant, The variation in injection periocd was obtained
by enlarging the orifice of one of the two single-orifice
nozzles from 0,020 inch fto 0,060 inch in diameter, maln-
taining, however, a length~diameter ratiec of 2.5. For all
other tests the nozzle having the singls V.050-inch-diam~
etor orifice was used because, with thse fusl pump and
valve avallable, this size gave the shortest injectlon pe-
ricd and the most power, Indicator cerds werse taken fromn
the chamber and cylinder for motoring and full load power
conditions at 1,500 r.p.m., The approximate direction of
air flow in the auxiliary chamber was determined by motor-
irdg the engine while thin copper strips extended 1nto the
chamber from the gaskebt separating the head from the chem~
ber caps The direction of bending indicated the .diroction
_of air flow. Theso indications wero confirmed by stroaks

e
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of carbon left inside the previously cleansd and .polished
chamber after motoring the engine, As thess tests indi-
cated that: the air flowing into -the chamber was -directed
toward thée apex of. the cone and that its energy was large-
1y dissipated there, the chamber .was made. spharical (fig.
2), the purpose being to aid the. formation of a .refating
ephe;g_gi_g;;.in the c¢hamber and:ito conserve its energy.

A series of full-load fuel guantity. .power runs at. 1,500,
TsDele was made with the spherical chamber while: the poei%
tion of the injeciion spray was varlied relative to the. -
air flow, This variation was accomplished by placing the
injection valve 1n the.side hole of -the cap-and by rotab-
ing the cap succes31vely into each of 'the ten possible
positions. :

~ The data obtained from the tests have been computed
and plotted, and are presented . as’ curves of engine per-
formanco ahd as indicator cards. The indicagted horsepowor
was taken as the sum of:the brake and friction hersepowors,
tho friction power being that required by the dynamomseter
to motor the engino immediately after the power run.

In tho discussions that fOllOW’ reforonce isg mado to
engino ' detonation, By fdotonation is moant the motallic.
sound’ presont during combustion which is associated with
dotonation in carbvuretor snginbs, - This condition was
"presont irrogulsrly: in. tho ongine opeoration of those tosts
and indicatoed incipient detonation.

" Test Reeglte and Diseussion

4 -

- Bffect_of  load on onginc performanco, noncountrifugal
g8Dray«—~ Figure 8 gives the engine performance of the stand-
ard cylinder-head form with conical cap (fig. 2), as af-
fected by fuel guantity for the plain, noncentrifugal
spray of Figure 4 and by an inJectlon advance angle of 26°,
The power 1s much improved over that previously obtained
from this head (reference 3); the slope of the m.e.pe.
curves decreases more slowly, The i,m,e,p. at full loszd
has increased from '1l9 to 134 pounds per squars inch at a
mechanical efficiency of 70,8 per cent. The maxXimum cyl-
inder pressure curve attains a maximum at the same fuel
quantity et which the m.e.p. curves deviate from a siraight
line,  At'this point the combustion socund was slightly me~
tallic &nd irregular and passed through its -maximum loud-
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ness. Asg the cylinder.pressure remains mearly constant
abdéve one=hzlf load it is indicated :that the auxiliary
- ehamber and counecting passage control combustion some- :
wiats The improvement in combustion is indicated by clear
oxhaugt at 22 per cent excoss air and by the decreaso&
fuol consumption 0,43 to 0.39 pound por indicated horsc-
powon per hour &t full load with 12 per.cont excoss .eair,
The excoss air was detormlnod from oxporimontal data. For
tho same coxditions but on -tho basis of brake performance,
the fuel consumption was decreased from 0,71 to 0,56 pound
‘per horsepower. per hour., - The capacity of the engine for
overicad ls. shown since the i.m.e.p. increased to 141 . -
pounds per squiare inch, The improved performance was due
mostly to the shdorter injection period and to a more penw— O
etrating fuel spray, but it was aided by the flaring of .
the chamber end of the chambdr-«to-~cy¥lindoer passago and by '
the imvroved méchanical officioncy of the ongine. The
gshortor Injection period gave time for the fuel to be bet-
ter nixed with the alr and to burn more efficiently.

Effect of loed on engine performance, centrlifugsal
spraye= The:effect of load on engine performance when us-
ing the centrifugal injection spray 1s seen in Figuro 7.
Thie spray gave more dotonation than the noncentrifugal
injoction spray and tho. tost was run at & reducocd injoc-~
tion ‘mdvance angle and cylinder pressure., The injoction
advance angle was roduced to 28° B3,7,0, at which condition -
the sound of the ongine comparocd to that of tho tost for _
Figuro 6, slthough the cylinder pressurc was but 650 pounds '
por square inch, This retardation accounts for the pooror
poerformanco as presonted, Ono test, made by advancing
tho injoction to 26° B,T.C., as in tho work of Figuro 6, at
a maximum cylinder pressure of 750 pounds per sguare inch
and at full-load fuel guantity gave results equal to those
of the noncentrifugal injection spray. At low loads the
effect of the injection advance angle on cylinder pressure
and power was negligible. The centrifugal spray does not
glve more power but -does give more detonation because the
centrifugal spray has greater dispersion, .

Effect. o; spaed on engine performance.~ Figure 8
showg the effect .of engine speed on the performance at
full~load fuel quantity and 750 pounds per square inch L
cylinder pressure, Altlhough the intensity of tho fuel- .
mixing eir flow should vary dlrectly with the engine spesed,
the power does not vary with the engine speed, The indi~
cated performance is little affected from 900 to 1,800
T4Pela, &although the velocity of air flow should be about -
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udoubied The power requlred fo cause “the a1r flow, how-

ever, causes a decrcase of b.m.8.pe .from 103 to 88 pounds
per sguare inch; the {.m.e.,pe remaining, constant, The
best operating speed for this particular head is about 900
TWPoeMer &bt Which speed the i.m.e.p. is still at a maXimum
and . the f.,m.e.p. has decreased from 40 to 27 pounds per
square- inch. The points at 1,200 r.p.m. are low because
the injection advance angle was below normal, Although
the cylinder pressure was kept constant the injection an-
gle was advanced but half as fast as the engine speed
The wvelocity of the fuel~mixing air flow, however, ine
creased with the engine speed so that the more complete
fuel and air mixing would increase ths rate of combustion.
Furthermore, from observatiqns with the oscilloscope it
was seen that with increase in speed ‘the injection spray
became ‘more widely dispersed and the start of the spray
more faiat,.

The engline was started when cold by moftoring at 600
TePela, but when warm from previous running it could be
started by two revolutions of the crankshaft. It could be
idled at 250 r.,pem., could be readily accelerated at the
hignest speed attempted, and would run steadily at all
condltlons of load from 600 to 1,800 r.p.m.

Effec’c of vﬂve—o%WW—
ance.~ The salient. advantage of the precombustion-—chamber
tJne of cylinder head is shown in Figure 9, the data for
which were obtained by varying the valve—opening pressure,
As the valve-opening pressure is varied, the characteris-
tice of the spray change;: dut the engine performance is
seen to be 1little affected, a decrease in valve—-opening
pressure from 6,000 to 1,500 pounds per square inch causing
only a slight improvement in engine performance. The max-
imum injection pressure decreased from 8,000 to 3,000
pounds per sguare inch, while the apparent injectlon perl-
od varied from 35° to 40° a change whick in itself should
have decreased the performance. At the lcwer pressures
the dispersion and penetration are decreased, but the char-
acteristic of . the head (i.e., high-velocity air flow) mixes
the fuel with the air to maintain ths engine performance
constant. At nons of the injection pressures 4id the fuel
spray penetrate the 2—9/16 inch length of the chamber to
deposit carbon opposite.the ¥valve position. The air flow
reduced the penetration for, if 'in still air, the pene-
tration and tlme would have been sufficient for the spray
to hit the chamber walls.
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_.Axfect of injection period on engine performance.- The
ef;ect ©0f the 1ength of the injection period on engine per-
Tornance is shOWn in Pigure 10, Although the oscilloscope
gives. a0 definite informatiod,as to the rate of fuel dis-
cherge, 1t was clearly seen that the dlscharge during the
first 10% was:very small. Tne engine poerformance resulte
indlcate.that to obtain naximum fuel. economy and oower
tne ingection peviod must be.shortened, even gshortor than
in the- resul%s presented “Tha shortenlng of the ianjec—
tion poriod givos bettor mixing, as ‘the fuel is injoctod
naarer tue time of highost volocity air flow and, as tho.
clearer exhaust and lower fuel consumption both indicate,
“latc inof.ficient combustion is reduced.  The- combustien
control by the procombustion chamber is indicated by tho
cy¥linder presgsure reoaching a maximum at & poriod of 35° to
40° - tho powor, however, continuing- to.lncroasc. The or-
fico diamoter and injoction proessures arc given on Fig-
ure 10 to show thacir rolation to the injection period,

Tho investigation of injoction-period effect was not con-
tinued, because furthor incroasing tho.orifice diamoter.
longthonod rather than shortonod tno ingoction poriod’,
This 1ongthening was due to insufficlont stom 1ift wnich
causod tarottling at the stom seat.

Bffect on,engino-performance of injection position
in . the spherical chamber.~ The direction of air flow in
the auxiliary chamber and the effect of fuel-spray posl-
tion .relative to tais:air f1low on the engime performance
,-are showa in Fivure 11. The air leaves the passage and
rotates as a sphere about the axis Indicated, with the.
greptest 1ntensity of flow being at points 7 and 2 and the
lecast .intaensity being at the axis ends, points g and 4.7
Fith the fuel spray in similar positions in the pear- |

gligpad =znd snherical cnambers, the engine performances are
equal eoxcept that the combustion is with more incipient
detonation for the spherical chamber, This increased det-
onation ig apparently ceused by the changed relatlon of
thae fuel spray to the higher velocity air flow,., As the
..injection characteristicse are the same as when the coni-
-cal chamber cep-ls used, the ignition must be later and

De actually retarded until more fuel is ready to dburn.

The retardation is probably caused by the air flow sweep-
ing the faiant spray start onto the walls or separating

the fuel particles too widely. A faint deposition of car-
bon to. leeward of the valve Dositions was seon after each
power run.
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o The position of .nosfi;power and nost regular combus-.
tion with least combustion ghock was the No, .2 pésition,.
The. spray travel was perpendicular to the axis ¢f .the air
whirl; i,.e., the spray met.firet the lower:velocliy-of air
‘and then the higher, The.reverse of these-conditions, po-
sition No. 7, gave the least -power and most -irregular com-~
'busﬁion sqund., Apparently the air velocity gliven by the
9/16—inch diameter passage was too high Tor the fuel-sprav
_characteristics used, as indicated by the increase-in power
and decrease in detonatlon when tho spray position passed-
from the greatest to the loast veloclity air flows The fuel
spray penetrated the distance. of 2-3/16 inches across the
spherical chamber in each :0f these tests and opposite the
valve positions carbon. doposits were left, Tho carbon .do-
pos1ts Were slightly displacod in the direction of. tho

air flow, In the tests which .left the largest carbon dox
poelts the porformance, includlng the exhaust conditionsy

was .tho best, . . . . coe ST e,
: Indicator oards - Motori_g.- Tho motorlng 1ndicator'
cards of Figures 12 and 13 from the . standard cylindoer hoad,
although nado while driving theo- indicator . drum at crank- !
‘shaft spood and using as large a prossuro ‘scale a8 the in-
dicator w0u1d poermit, do not show any approciable pressure

lag between the cylinder and; the precombustion chamber dLr—.‘

ing. the" compression stroke, The'rabsonce of any prossure-.
lag 1nd1cation may bo duo. eiﬁhor +to a passghbge rostriction
insufficient to cause: & pressure .lag in the. chambor or to
the 1rab111ty of tha indicator, cards. to show tho smill J
prossure lag, TFor the indicator cards. ag:obtained, the’
compression curveg are practically: 1dentical until a pres-—
. sure of 400, pounds per square inch is reached, above which
the chamber pressure: leads and rises higher by 15 pounds
per.square. inch than the. cylinder. pressure,. The axpansion
curves. are identical below 450 pounds.per square. inch,
This compression-pressure difference was consistently re-
corded and wes further investigated with tue trapped-pres-
sure method,
inder and in the two chamber cap holes gave chamber pres-
sure readings consistently higher by 20 pounds per square
inch than in the cylinder, . thus checking the indicator '
cards within the 1limits of allowable exrors, 'The higher
Pressure in the chamber is conbtrary t¢o what .cquld be ex~’
pected -from alr passing through:a restricting passage into
a chamber and no econclusive oxplanation is proesentecd at -
this time, Attontion is diregted, however,ito the diffor-
ent conditions of the compressed air in the cyliandor and

in the chamber; the air is compressed in the cylinder with-

The - trapped—pressure valve placed in the cyl-~
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out appreciable flow, but the air forced through the pass-~
age continues its motion inside the chamber, Thus the
pressure~indicating unit in the cyllnder is actuated by
comparatively still air whereas the unit in the chamber is
actuated by air rotating at high velocity, A comparison
of the motoring and power cards showe that the compression
pressure of the motoring cards is. less than that of the
power cards, as the motoring cards,. although taken at
standard engine-operating tomperatures, were not taken im-

.medlately after a power run when tho combustion chambor
- walls were hot,

Indicator cards - Power.- The power indicator cards.
“from the standard cylinder head are neither complotc enongh
nor of sufficiont accuracy for quantitative analysis, They
are noteworthy, however, for” the indications of start and
rate: of pressure rise, The start of ‘Pressure rise is late
for both chamber and cylinder, an approximate ignition lag
being 35° crank angle, For the chamber, however, the

start is 2 earlier than for the cylinder, showing that

the precombustionuchamber principle is in operation, Waen
the 1ngectlon time was advanced to obtaln ignition at T.C.,
_the detonation was excegsive and power was increassd. dui
little. -Bven with the late ignitlon, the indicator re-
cordesd occ381onal pressures of 900 pounds per square inch
(the. trapped pressure of 750 pounds per sguare inch being
only an average)., The cause. of the occasional hlgh pres—
"sures and d etonations was the irregularity of 20 in the
injection advance angle, . This irregularity was noticed
while watching the spray with the.oscilloscope.

_ Determingtions of rate of pressure rise from the indi-
cator cards are affected by the variation between the on-
gine cycles. A4 small. error in meassuring the slope of the
rise affects the numerical value greatly. The values are
indicative, however, of the high rates obtainable 1n thls
type of heed. The maximum rates of pressure rise in the
precombustion chamber and in the cylinder are 1,030,000
pounde per square inch per second and 1,530,000 pounds ver
square inch per second, respectively. The lower rate in
the chamber is due to the overrich mixturs there, The
mizxture in the cylinder is more nearly in optimum propor-
tions of fuel and air and durns faster, On the basis of
Present~day carburetor-engine practice (reference 8) the
rate of pressure rise obtained will allow an engine speod
.of approximately 4,000 r.p,m.

e . Sl -
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The combustion sound for noarly all operating condi-
tions was intermittently meotallic at one-half load, dull
at lower spoeds, and sharper as the speed increased. The
lcessonocd spray dispersion at & valve-openling prossure of
1,500 pounds per squarge inch, the injection into lower
velocity air flow, and theo increasc in the amount of fucl
above one-half load docreased tho detonatlve tendency and
also tho eylindor prossuro,

This combustion chamber design is sonsitivo te injec-~
tion advance angle above ono-half load, for if tho angle-
were changed by five crank dogrees the combustion would
vary from missing to steady detohation.- This detonative
tondency is caused by excesslve air flow and, relativoly,
too nuch dispersion of fuol spray; ignition occurs whoa
most of tho fuel is Injocted and tHoroughly prepared for
combustlop. The cylinder-head passago lacks sufficient
restriction to meter the gas Tlow and control the comous—
tion,.

Conclusions

These results indicate that this cylinder nead, for
both forms of precombustion chamber, is capable of giviag
rapid mixing and combustlon oven whon using a single com-
pract, low-pressuroc injection spray from a large round-
hole orifice nogzle, The same power and less combustion
shock arc glven by a noncentrifugel as by a centrifugal
spray having greater dispersion of fuel particles,

The engine performance improves as the injoction po-
riod is decroased, indicating that the maximunm powser will
be given by a period shorter than used in these tests,

The relation between air velocity and fuel-spray po-
sition and dispersion influences the performance of the
precombustion~-chamber~type engine, In these tests 'tae
air-flow -velocity was too high for the fuel-spray disper-
slon. The mixture of fuel and alr was slow to ignite dut
burned rapidly.

A high injection pressure is unnecessary., In fact, a
decrease in injection pressure, which decreased the spray
dispersion and pensetration, caused a slight increase in
engine performance., Similarly a decrease in engine speed
with the conseguent decrease in air-flow velocity affected
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the indicated performapce. but slightly. However, the bdrake

prerformence was affected becausc the moechanical efficioncy
variod invorsely as the cngline speod,

With the cloarance distribution used the combustion
was not controlled by the cylinder-~head. passage, and any
further reduction in passage area would have increased the
already too high air-flow velocity. Small differehces iz
the injection advance angle of successive cycles gave 1in-
. termitfent detonation., The rates of pressure rise ob-
tained indicate, op the basis of carburetor engine per-
formance, that this head is capablo of operating an en@lne
at approximately 4,000 r,p M,

Laﬁgley Monorial Aeronautical Laboratory, -
Hational Advisory Committee for Aeronautics,
Langley Field, Va., September 3, 1931,

';H{n o



3

N.A.C.A., Technical Hote No. 396 15
References

Spanogle, J. 4., and Foster, H. H.: Performance of a
HEigh~Speed Compression-Ignition Engline Using
Multiple-Orifice Fuel-Injection Nozzles. T.N. No,
344, N.A.C.A., 1930.

Spanogle, J, A., and Moore, C. S.,: Air Flow in Com-
bustion Chambers. T.N. (to be published later),
NcAuCcAl '

Joachim, William F., and Kemper, Carlton: The Per-
formance of Several Combustion Chambers Designed
for Aireraft 0il Engilnes. T.R. No. 282, N,A.C.A,,
1928, .

Beardsley, Bdward G.: The N.A.C.A. Photographic Appa-
ratus for Studying Fuel Sprays from 0il Engine In-
jection Valves and Test Results from Several Re-
searches. T.R. No. 274, N.A.C.A. 6 1827,

Hicks, Chester W.: The Heasurement of Haximum Cylin-
der Pressures. T.R. Ho. 294-', NuA-CoA., 19280

Collins, John H., jr.; Alterations and Tests of the
"Farnbore" Engine Indicator. T.N¥. No. 348,
N.A.C.A., 1930.

Hicks, Chester W., and Moore, Charles S.: The Deter-
mination of Several Spray Characteristics of a
High-Speed 0il Engine Injection System with an Os-
cilloscope. T.¥. No, 298, N.A.C.A., 1928,

Glyde, H. S.: Combustion Chamber Research. Automo- -
bile Engineer, February, 1930, pp. 62-65,



1

Fig.

396

Technlical Note ¥o
Pig.l Single-cylinder research engine and testing equipment.

C.A.

X.A




N.A.C.A, Technical Note ¥o. 396 Pig. =2

Injection valve
. — locations

D
- 6‘:\*
7N

i
i
}
i

Y

Fig. 2 ¥N.A.C.A, cylinder-head design No. 3 showing pear-shaped and
spherical (dotted) chamber forms. DPassage throat diameter
9?16 inchy



Fig. s

N\
.
NN .\t\\\ \\\\§o I

~ 5
/J/.\w ; 2N s

g{d%W/ A,

- 396

H -\\..\ N

\ 'v.ll

¥.4.c.4, Technical Note wo

0 7 N

b P <\ B N /;
L ...,..,7,.,,/.&.,%,//../7,//,.__,_,

ic fuel.ins
in,

diameter 0.050

Fig,z Automat



Types of injecilon gpray used in tests. Orifice diameter, 0.050 in.,air density,
1.11 pounds per cubic foot,corresponding to compression ratio of 14.2: 1.
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Fig, 12 Motoring indicabor card at
crankshaff speed., 1500 r.p.m,
from cylinder. Comprossion
ratio 14.2
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Fig. 13 Motoring indicator card
at cranksheft speed.
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Fig. 15 Power indicator card at crankghaf4
speed, 1500 r.,p.m. from pre-
combustlon chamber. Full-load
verformance of Fig. 6
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